The Spallation Neutron Source project includes a superconducting linac section in the energy range from 186 MeV to 1000 MeV. For this energy range two types of cavities are needed with geometrical j 3 values of p=0.61 and p=0.81. An aggressive cavity prototyping program is being pursued at Jefferson Lab, which calls for fabricating and testing four p=0.61 cavities and two p=0.81 cavities. Both types consist of six cells made from high purity niobium and feature one HOM coupler of the TESLA type on each beam pipe and a port for a high power coaxial input coupler. Three of the four p=0.61 cavities will be used for a cryomodule test at the end of 2001. Two cavities of each type have been fabricated and the first tests on both cavities exceeded the design values for gradient and Q value: E,,, = IO. 1 MVIm and Q = 5x10' at 2.1K for the p=0.61 and E,,, = 12.5 MV/m and Q = 5x109at 2.1 K for the p=0.81. 
ELECTROMAGNETIC DESIGN
The designs for the two types of SNS cavities were dominated by the desire to keep the electric peak surface field at or below 27.5 MV/m and the magnetic peak surface field below 60 mT. At the same time the Lorentz force detuning coefficient (KL) should not exceed a value of -3 Hz/(MV/m)*. By choosing a cell-to-cell coupling of 1.5% for these six-cell cavities a reasonably small ratio of peak surface fields and accelerating fields could be realized [l] , if 'four different half cell shapes were used. The fundamental power coupler (FPC) requirement for a Qexl value of about lo6 implied larger iris and equator diameters for the end half cells at the FPC side (see figure   1 ) compared to the center cells. Simulation calculations done with the center cell geometries and the full cavities showed that multipacting was unlikely. The specifications for the Lorentz coefficient require welded stiffening rings between the cell irises at a radius of 80 mm. The SNS cavities have Nb55Ti flanges throughout (DESY-type), sealed with AlMg3 gaskets: one at each tapered beam pipe end, two ports (one for each end) for the HOM couplers, rotated 115 degrees with respect to each other, a port for the field probe and one for the FPC. 
FABRICATION
The SNS cavity cells are fabricated from RRR > 250 niobium. The dumbbells exhibited significant mechanical deformations after the attachment of the stiffening rings. This required re-adjustments of mechanical dimensions and frequencies of the dumbbells in a way similar to that described in [3] . The dumbbell had to be stretched and trimmed at the equator to reach both the right length and frequency. Once the dumbbells had been corrected, the electron beam welding of the cavity assembly started from the two end groups by adding dumbbells; the last weld was the equator weld of the two half sub-assemblies.
Tuning to a "flat" field profile followed a 20 pm external chemistry. Internal buffered chemical polishing (BCP) in Lab's closed chemistry system with -120 pm material removal and subsequent high pressure ultrapure water rinsing for 2 h completed the final surface treatment. After drying for several hours the cavity was assembled in the clean room. 
VERTICAL TEST RESULTS
The results of the vertical test for the six-cells p=0.61 cavity at 1.96 K are shown in figure 2. The cavity had a QO at low field of about 2.3~10" corresponding to a residual surface resistance of 2.1 nQ. No multipacting barrier has been found and, after about 20 min of RF processing, the cavity reached E,,=16 MV/m with a Q of 1.4~10", exceeding comfortably the design goal for this cavity type. 
MECHANICAL ANALYSIS

Lorentz force detuning
During the cryogenic tests the cavities are supported in a TI frame; measurements of the Lorentz force coefficient for both cavity types gave values of -8.25 Hz/(MV/m)2 for the p=0.61 cavity (the stiffening rings for this prototype cavity were located at 70 mm from the cavity axis) as shown in figure 4 and -3.5 Hz/(MV/m)2 for the high beta cavity. These results deviated significantly from the original finite element (FE) calculations,which used a Fixed end boundary condition. SUPERFISH was used to compute radiation pressures on the walls of the cavities and the resonant frequencies. With the finite element code ABAQUS the shape deformations due to the Lorentz pressure were calculated for an accurate model of the SNS cavities. The results from the calculations shows that the Lorentz force coefficient is strongly influenced by the boundary conditions the cavities are subjected to and changes by about one order of magnitude from fixed to free cavity end. Since the SNS cavities are supported in a titanium frame when they are tested in the vertical dewar, the spring constant of this fixture has been evaluated and used in the computations to reproduce the vertical test set-up. The values for the Lorentz force coefficient obtained in this configuration are shown in table 2 and are within 15% of the experimental ones. The stiffness of the He vessel and tuner has also been evaluated and used as boundary condition to calculate the Lorentz force coefficient. The results indicate that for the high beta cavity the KL specifications will be met, whereas for the p=0.61 cavity additional stiffening of the helium vessel end dishes is necessary. 
Natural Frequencies
A natural frequency vibration test was performed on the prototype medium beta niobium cavity, supported with nylon straps at the ends of the beam tubes. A shaker was fixed onto the equator of one of the center cells ( figure 5 Beam pipe mode ABAQUS was used again to model the natural frequency spectrum of the cavity; the computed frequencies dre in close agreement with the test results as listed in table 3. To help provide insight into the natural frequencies of the cavity within the cryomodule assembly, the ABAQUS cavity model will be extended to include cryomodule components. The same work is in progress for the high beta cavity.
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HIGH ORDER MODES ANALYSIS
HOM calculations have been done with MAFIA and SUPERFISH for both types of cavities. Three TM monopole modes for each cavity have frequency close to a bunch harmonic and need adequate damping [4] . 
SUMMARY
It had been demonstrated that in both types of SNS cavities the design goals for &-value and accelerating gradient can be achieved with some comfortable margin. Multipacting is no problem and the dangerous higher order modes can be damped appropriately. The mechanical behavior of the cavities has been analyzed; as a result, further stiffening of the helium vessel is necessary to achieve the specified values for the Lorentz force detuning. The three medium beta cavities needed for the prototype cryomodule are 80% complete at this time.
